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ftotwas;  During  the  first  year  of  the  contract,  the  syothesti  methodology  for  preparing  type  lA 
quinuclidine.  qrpe  IB  4-aminopyridine.  type  IIA  N-aikylpyiidiiie-4-thione;  and  type  IIB 
tmidaaoline-2-thione  target  confounds  was  established.  Four  new  experimental  therapeutics 
tqaeseating  type  lA,  DA.  and  03  targets  were  submined  10  WRAIR  for  biological  evaluation  u 
treatment  agents  for  mustard  gas  intoxication.  A  representive  example  of  type  DB  compounds  was 
prepreed  that  lacks  only  solubUity  and  log  Pdeterminatioos  before  the  compound  can  be  submiaed 
loWRAlR.  Rnally.  a  simple  kinetic  screen  using  UV  spectroscopy  was  established  that  may  be 
usefiil  for  ranking  compounds  fat  priority  for  future  biological  seats. 


PROJECT  SUMMARY 


The  objective  of  this  project  is  to  develop  new  afcnts  for  otttment  of  oqwsure  la  mustanl 
{ssandielaiedcheciicalwatfiuesfents.  Our  invesdfitioo  is  focused  oo  designing  and 
synthesizing  various  nucleophilic  oooqiouods  that  have  the  ct^Mbility  of  detoxifying  mustard  gas 
both  topically  and  systemicallyl^  direct  nucleophilic  attack  10  yidd  innocuous  products.  Our 
^)ecificq)proach  includes  the  following  steps:  piqtare  3  to  5  gram  quantities  of  selected  test 
compounds;  evaluate  the  oonqxMinds  with  itqtect  to  spectroscopic  properties,  solubility,  and 
octanol-bufferpanitioo  coefficient;  submit  3  to  S  grams  each  oooqxrund  to  the  Walter  Reed 
Army  Institute  of  Research  (WRAIR)  for  biological  evaluation;  ducidate  structure-activity 
relationships  (SAR)  for  protective  activity  based  on  in  vivo  and/or  in  vitro  test  results;  and  design 
new  compounds  with  improved  protective  ability. 

Our  project  objective  is  to  syntheaze  seven  dasaes  of  reactive  nudeophiks:  3- 
alkoxyquinuclidines  (type  lA).  4-<dialkyl)afflinopyiidiaes  (type  IB),  N-aIkyIpyridine-4-ihiones 
(type  IIA),  imida2oIine-2-thiones  (type  ID),  ary^thoq^honothioic  acids  (type  DA), 
arylphoqjhonainidodithioic  acids  (type  DB),  and  alkykne-bis-phoqthooodithioic  adds  (type 
DC).  Syntheds  methodology  for  prqMuing  type  1  and  n  target  conpounds  was  established  and 
subsequently  tiiq>!eroented  to  prqpare  rqnesentative  examples  of  these  classes  in  suffident  quantity 
for  submission  to  WRAIR.  Work  continues  on  estaUishing  the  synthesis  methodology  for 
preparing  type  D  target  compounds. 
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INTRODUCTION 


This  iqxvt  summarizes  the  technical  research  effects  undertaken  on  U.S.  Army  Medical 
Research  and  Development  Command  Contract  DAMD17>90^-0034,  "Systemic  Mustard  Gas 
Scavengers."  The  repoit  covers  ptogress  firom  March  1990  to  March  i99I .  In  addition  to 
reviewing  the  background,  we  outline  our  progress  on  the  chemical  synthesis  of  target 
compounds,  describe  the  problems  we  encountered  in  some  of  our  originally  proposed  synthesis 
routes  to  compounds  and  how  we  overcame  the  problems,  and  repoit  the  resultt  to  date  on  our 
efforts  10  develop  an  in  vitro  kinetic  screen  for  synthesized  targets  that  may  ultimately  be  used  to 
rank  compounds  in  priority  for  biological  evaluadon. 

The  powerful  vesicant  bis-(2<hloroethyl)sulfkle  (mustard  gas,  HD)  has  been  known  for 
nure  than  a  century.  1  However,  no  effective  medical  treatment  yet  exists  for  the  severe  pathologic 
effects  of  this  chemical  warfare  agent  Characteristic  symptoms  of  exposure  to  HD  are  an  initial 
latent  period  of  several  hours  followed  by  severe  erythema,  vesication,  edema,  pruritis, 
and— dq)ending  on  the  severity  of  exposure— ulceration  and  necrosis  of  the  skin  and  respiratory 
tract^  The  most  imminent  danger  from  the  superficial  damage  is  infection  of  the  open  lesions.  If 
secondary  oomplications  can  be  prevented,  the  victim  will  slowly  recover.  In  cases  of  severe 
exposure,  HD  is  readily  absorbed  through  the  skin  and  can  persist  in  vivo  for  days  while  causing 
more  generalized  systenne  patht^gy.  In  such  cases,  the  padiologic  manifestations  include  a 
pronounced  degenerative  effect  on  the  bone  manow,  with  subsequent  leukopenia  and  damage  to 
the  gastrointestinal  tracL^  If  the  more  generalized  systemic  effects  occur,  the  possibility  of 
secondary  oomplications  becomes  ooirespondingly  more  likely  and  life-threatening.^  Long-term 
effects  fiom  HD  exposure  include  permanent  eye  damage,  severe  respiratory  impairment,  and 
carcinogenesis.^  Hence  there  is  an  urgent  need  in  medical  defense  for  treatment  and  preventive 
agents  for  exposure  to  HD  and  related  chemical  weaponry. 

BACKGROUND 

Although  thr  complete  pathology  of  HD  and  related  vesicants  is  yet  to  be  elucidated,  the 
biochemical  basis  for  their  toxietty  seems  to  reside  in  theb  rinlity  to  electrophilically  alkylate 
protein  and  chronaosomal  material  in  the  cell.^  By  this  process,  several  modes  of  cell  injury  are 
possible,  ranging  from  inhibition  of  various  enzymes  by  alkylation  of  sulfhydryl  or  other 
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nucleophilic  protein  groups  to  alkylation  of  DNA  bases  in  the  ceU  nucleus.  Because  HD 
hydn)l;/nes  very  rapidly  when  solvated  in  water.^  it  remains  unclear  bow  HD  persists  for  extended 
periods  in  vivo  and  causes  such  extensive  cellular  damage.  HD  is  a  very  lipophilic  material  (log  P 
s  2.4SX^  and  previous  medical  case  studies^  convincingly  indicate  that  it  does  indeed  behave 
similaily  to  other  lipophilic  toxins  (e.g..  pesticides,  polychlorinated  Inphenyls)  by  accumulating  in 
lipid  compartments  in  vivo.  The  sequestering  of  HD  in  lipid  compartments  where  the  water 
concentration  is  very  low  and  hydrolysis  kinetics  are  impeded  could  account  for  the  iqrparent 
extended  in  vivo  lifetime  of  HD  and  explain  much  of  the  delayed  systemic  pathology  that  is 
associated  with  this  toxin. 

Previous  studies  confirm  -  rat  neudal  nucleophiles  such  as  thiols  can  provide  limited 
protection  for  in  vivo  systems  against  mustards.^  It  is  believed  that  the  protection  afforded  by  such 
compounds  is  due  to  a  direct  nucleophilic  reaction  of  nucleophile  with  HD  which  produces 
nontoxic  products  and  that  diis  reaction  can  occur  within  the  ceU.^  The  highly  nucleophilic 
thiosulfate  anion  is  also  known  to  provide  a  degree  of  protection  against  mustards,^  but  only 
when  administered  immediately  following  exposure.  It  is  likely  that  the  effectiveness  of  the 

highly  polar,  hydrophilic  thiosulfate  ion  is  due  to  its  inability  to  penetrate  into  relatively  nonpolar 
lipid  con^Mutments  where  HD  is  known  to  accumulate. 

In  view  of  the  foregoing,  SRI  is  designing,  synthesizing,  and  evaluating  nucleophilic 
coD^Kxinds  that  have  the  capability  of  acting  bodi  topically  in  a  therapeutically  preventive  mode  by 
deactivating  HD  on  and  under  the  sldn  and  systemically  to  penetrate  lipid  compartments  in  vivo  and 
deactivate  lingering  reservoirs  of  latent  HD. 

OBJEfTIVES  AND  APPROACH 

The  mechanistic  aspects  of  the  reactioo  of  HD  and  related  P^hloroethyl  sulfides  with 
nucleophiles  are  fairly  con^lex.  However,  extensive  studies^  have  determined  that  HD  exists  as  a 
mixture  of  the  open<hain  form  1  (Scheme  I)  in  equilUtrium  with  the  cyclic  ethyknesulfonium  ion 
2  and  that  two  reaction  pathways  for  nucleophilic  attack  are  possible — both  leading  to  the  same 
produa  3.  Ion  2  is  considerably  mote  reactive  as  an  electrophilic  species  than  open<hain  form  1, 
and  therefore  reaction  rate  k2  is  much  faster  than  reaction  rate  ki.  The  position  of  the  equilibrium 
(Kcq)  in  Schetne  I  depends  almost  exclusively  on  the  dielectric  constant  (e)  of  the  medium  in  which 
1  is  dissolved.  When  HD  is  solvated  in  water,  whidi  has  a  very  high  dielectric  constant  (e  «  80), 
ion  2  is  favored  and  HD  is  rapidly  destroyed  by  hydrolysis  to  produce  thiodiglycol.  However, 
because  HD  is  very  hydrophobic,  it  apparently  partitions  in  vivo  into  lipid 
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ScbemeL  MechsnisdcPadiways  Involved  in  Reactkxi  of  HD  with  Nucleophiles 

computments  such  as  subcutaneous  fat  (e  ~  3-6)1®  in  which  the  concentration  of  water  is  typically 
low.  In  this  case,  the  open-chain  form  1  is  favored,  hydrolysis  kinetics  are  greatly  slowed,  and 
considerable  systemic  damage  to  the  victun  results  over  dine. 

In  view  of  the  above  discussion,  our  objecdve  is  to  develop  therapeutic  agents  tiiat  can 
intervene  before  extensive  cellular  damage  to  the  victim  occurs.  Our  approach  for  accomplishing 
this  objective  is  to  design  and  prepare  nodeophilic  compounds  that  can  penetrate  lipid 
conqurtments  in  vivo  and  are  sufiiciendy  reactive  to  convert  HD  to  a  more  hydrophilic  derivative 
that  will  partition  into  the  serum  and  be  hydridyaed  or  expelled  dnough  metabdic  waste  channels. 
Obviously,  such  compounds  would  also  be  effective  topically  on  the  skin  ss  barria  or  prevendve 
agents.  To  test  this  approach,  we  are  synthesizing  a  series  of  seven  types  Of  potential  compounds, 
shown  in  Table  1.  These  compounds  are  designed  to  be  very  nucleophilic  and,  because  of  the 
appended  side  chains  R,  have  the  correct  partitioning  properties  to  penetrate  Iqwphilic 
compartments  in  vivo  where  HD  may  reside.  In  this  midierm  report,  we  rqxxt  our  progrera  to 
date  in  synthesizing  target  compounds  which  has  resulted  in  the  delivery  to  WRAIR  of  four  novel 
experimental  therapeutics  (Table  2)  for  HD  ejqtosure  and  present  the  results  of  our  efforts  to 
develop  a  simple,  convenient  kinetic  screen  to  tank  compounds  according  to  their  relative 
efficiency  as  nuclecphilic  scavengen  for  HD. 


Table  1.  Target  Compounds 
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R«CH2(CH2)sCH3 
•  CH2ai2CH20CH2CH20CH2CH3 
-  CH2CK2ai20CH2CH2S02ai3 
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Table  2.  Compouods  Submitted  lo  WRAIR 


iWl  Code  No. _ Compound  Stnictum _ WW  dome  No.  Quanti 


HS-OOl 

^^^0CH2(CH2)«CH3 

BMQS629 

3.0 

HS-002 

BM06S82 

3.0 

HS<003 

H3C.j^,CH2(CHj),CH3 

5 

BM07310 

3.0 

HS-004 

S 

at2(CH2)«CH3 

BMa7SS2 

S.O 

RESULTS 


SYNTHESIS 

The  synthesu  of  taijet  compouiKb  followed  the  genersl  pcocedue  of  prepning  the 
^ipropriaie  side  chain  R  in  electrofiliilically  activated  fonn  u  •  mediate  or  iriflaie  etter  and  then 
cotqiling  it  to  a  pcotecied  nucleophilic  head  fioiip  by  nodeophilicdiipiaoeoaeBt  The  bead  gro(q> 
was  diendeprotected  to  generate  the  final  target  The  details  «eu  follows. 

Synthesis  of  Side  Chains 

The  proposed  dioxanonanol  side  chain  2  was  successfully  prqMied  u  shown  in  Scheme 

^CO^CHi  *  — COjCHj 
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n.  However,  we  were  unsuccessful  in  attetnpting  to  use  a  siinilar  route  to  prqtaie  the 
methylsulfonyl-substituted  side  chain  3.  We  attribute  this  failure  to  a  competing  retro  grade 
Michael  reaction  of  ester  4  during  attempted  lithium  boiohydride  reduction  to  give  3. 


3lt-CHiOH 

SR-CO^CHs 


This  problem  ultimately  foiced  US  to  consider  an  altenntive  route  to  3  tint  was  successful  and  is 
oudined  in  Scheme  m. 
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Scheme  m 


3  (S2«ovenlI) 


Synthesis  of  Type  lA  Compounds 

Type  lA  compounds  9  were  prepsredscconlins  to  Scheme  IV.  Thus,  protection  of  3- 
quinucUdinol  (6)  as  the  bonne  adduct  7  followed  by  fonnat  rto  of  the  coneqxmding  sodium 
alkoxide  salt  with  sodium  hydride  and  reaction  with  the  app  opriate  side  chain  gave  compounds  8 
in  fair  yield  after  flash  chromatogr^Ay.  Compounds  8  were  readily  deprotec  ted  in  methandic 


9 

a  R  •  CH2(CH2)|CH3  (ll%owenli) 
b  R  ■  CH2(CH2)20CH2CH2PCH2CH3  (17%ovenil) 


SdiemelV 

acid  to  ^ve  the  final  targets  9.  Alternatively,  compound  9n  wu  prepaied  directly  from  3> 
quinuclidincd  by  way  of  the  route  outlined  in  Scheme  IV A,  which  gave  somewhat  better  yield. 


(?r“  ^ 

«  fa  («1«) 

Scheme  IVA 

We  were  unabk  to  coiq>le  side  chain  3  (as  the  mesylate  ester)  to  7  using  the  sequence  outlined  in 
Scheme  IV,  pRSumably  again  because  of  problems  with  retro  grade  Midiaelitactioa.  Toavoid 
this  problem,  we  are  conside;'ing  the  side  chain  10.  whose  oonespQodiog  mesylaie  ester  should 
behave  nonnally  under  the  conditions  outlined  in  Scheme  IV.  Compound  It  should  be  readily 
prepared  using  a  sequence  similar  to  Sdteme  m  but  staning  with  oommodally  available  3- 
(methy  Ithio)- 1  -propanol. 
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Synthesis  of  Type  IB  Compounds 

Two  rrvnes  to  type  IB  4-(dialkyl)aminopyridine  derivatives  were  successfully  used  to 
synthesise  proposed  targets.  Scheme  V  was  used  to  prepare  compound  12.  Acylaiioo  of  4- 
amuiopyridine  with  octanoyl  chloride  gave  the  octanamide  11,  which  wu  sequentially  nested  with 
sodium  hydride,  then  with  iodomethane,  and  finally  with  bonne  to  give  the  final  target  12  in  good 
overall  yield. 


CH/CHjAO>a 

5JJ 
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CH3(CH2)sCH) 

I.NaH:0MP 


ZIM 

3.iH, 


11 


H|C^,ciix(qHa),a*3 
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Scheme  V 


12  (S4«o*aall) 


AlKTnatively,  Scheme  VI  was  used  to  piqMie  compouad  15.  Fonnylatioa  of  4- 
amiiiopyridins  with  butyl  fonnatt  was  acoompltsbed  by  diennal  acyl  transfer  to  five  the 
cociespondinf  fonnamide  13.  Compound  13  was  then  carried  to  the  final  tarfet  15  by  using  a 
sequence  of  reactions  similar  to  that  for  the  transfonnatioo  of  compound  11  to  compound  12 
(Scheme  V).  AldKMigh  the  overall  yield  for  Scheme  VI  is  somewhat  lower  than  that  for  Scheme  V, 
the  versatility  of  Scheme  VI  makes  it  the  route  of  choice  for  future  type  IB  targets. 


H3C^,CH:(CH2)jO(CH2)20CH2CHj 

IS  ai%e«ciaiD 
Scheme  VI 


Synthesis  of  Type  IIA  Compounds 

A  very  convenient  route  to  type  DA  N-alkylpyridine-A-thiooes  was  established.  The  route 
begins  with  the  commercially  available  disulfide  15  and  proceeds  as  shown  in  Scheme  Vn.  Bis- 
quatemixation  of  15  with  n-octyltriflaie  proceeded  in  high  yield  to  pve  the  bis-salt  17.  Reductive 
cleavage  of  the  disulfide  bond  of  17  using  the  procedure  of  Burawoy  and  Turner^  occurred 
essentially  quandttdvely  to  give  the  type  IIA  target  It  as  a  yellow  solid,  the  route  outlined  in 
Scheme  vn  should  be  of  general  utility  for  the  synthesis  of  the  ocher  type  IIA  targets. 

Synthesis  of  Type  IIB  Compounds 

The  synthesis  methodology  for  preparing  type  IIB  inBdaxoline-2-thioaes  was  established 
and  successfully  implemented  during  this  report  period.  Scheme  Vm  oudines  the  route  we  used  to 
prepare  compound  22.  The  S-proiecied  ddoimidaaole  2i  was  piqwred  in  modest  yield  and 


9 


quttcniixed  with  n^Ktyltriflaue  10  five  the  quiienivytth  21  in  food  yield  aecvafeofthe4- 
aoetoxybenzyl  piDieciing  group  provided  the  final  OTfet  22  in  the  modest  owenD  yield  of  14%. 

CHj  9*, 

19  2t 


^2<CH2)<P<3  <bl2(ai2)sCH3 

21  22 

ScheneVni 


Although  the  yield  of  22  was  low.  most  of  the  steps  in  Scheme  vm  have  not  been  optixnized  and 
the  vcnadlity  this  route  makes  it  attractive  as  a  means  for  preparing  odier  type  nB  compounds. 
We  will  refine  Scheme  Vm  so  that  the  remaining  type  OB  targets  can  be  prepared  and  delivered  to 
WRADt 

Table  3  lists  selected  physical  properties  and  other  data  ftr  all  compounds  submitted  10 
WRAIR  during  this  report  period. 


TaUeS.  Selected  Physical  Dan  fcr  Conipoiindi  Suboaned  to 


KINETIC  EVALUATION  OF  TARGET  COMPOUNDS 


To  establish  some  basis  for  finking  tufct  cooqxjiinds  as  nucleophiBc  scavengen,  we 
aoempied  10  develop  a  convenieot  kinetic  screen  dutt  can  routinely  be  petfonned  OP  synthesized 
compounds.  Such  a  screen  could  be  used  to  link  coot^tounds  in  priority  for  biological  evaluation 
and  as  a  source  of  dau  to  aid  the  design  of  improved  compounds. 

Our  kinetic  screen  essentially  consists  of  spectrosoopicaliy  monitoring  the  rate  of  reactioa 
of  the  target  compound  with  the  HD  simulant  2-charoethyl  methyl  sulfide  (GEMS )  in  a  solvent  of 
^ipropriaie  dielectric  constant  The  first  spectroscopic  method  we  cfaoee  for  monitoring  kinetics 
was^HNMR.  Although  reaction  of  compound  >a  with  CEMS  in  CDQj  was  detectable  by  this 
method,  it  became  obvious  veiy  soon  that  there  was  far  too  much  overiap  (at  60  MHz)  of  the 
proton  signals  for  starting  materials  and  fRoducts  for  this  method  to  be  adequate  for  our  purpose. 
Therefore,  we  turned  to  UV  spectroscopy  as  a  means  of  otooitoring  reactions  and  had  somewhat 
more  success.  Thus,  the  change  in  concentration  (c)  of  thione  IS  fiom  its  initial  coitcentration  of 
2.6  X  10*^  M  (Umax  *  nnt)  in  1.2-dimethoxyethane  solvent  (DME.  e  *  5.5)  was  monitored  as 
reaction  with  CEMS  (c«  0.43  M)occured  under  pseudo  first  order  conditioos  at  37  Under 

these  conditions,  ti/2  for  the  disappearance  of  18  was  determined  to  be  approximately  1.1  h.  with 
a  rate  constant  <^4.2  x  1(H  M**s*l. 


CH3(CH2)6CH2-N 

14 


a* 


CEMS:DME 


37  «C 
k«4JxlO'*MV* 


^  CH3(CH2)cCH2-N  (^♦J|^SCH2CH2SCH3 


This  method  should  be  applicable  to  Other  targets,  and  we  are  currently  refining  our 
techniques  so  that  ail  targets  can  be  screened.  The  results  of  our  efforts  will  be  described  in 
forthcoming  reports. 


CONCLUSIONS 


During  diis  lepoct  period,  the  synthesis  methodology  for  preptring  lU  side  cfaiiae  for  ttifet 
coaq)ounds  was  established.  However,  the  use  of  the  2*((2‘>methylsulfoa)d)ethotcy)ethyl  side 
chain  was  pteck.'^  because  of  unaitticqjaiBd  elimination  rcaaions  that  peevemed  the  ooupliaf  of 
diissidechau.  Jie  target  head  groups.  The  synthesis  methodology  for  preparing  ype  land  D 
ttrget  compounds  was  established  and  was  used  10  pecpreeiepreientadvecsainpfoa  of  there  ta^yts 
forsubmissiooioWRAIR.  Finally,  a  ample  kinetic  screen  » rank  compounds  nuclecphilicaay  re 
scavengers  for  HD  was  investigated  and  used  to  obtaki  a  laae  constant  for  leacdon  of  a  type  llA  N* 
alky4>yrkhne-4-thione  with  an  HD  rimnlMH- 

In  the  coming  period,  we  will  invtsdgate  subsdtuies  for  the  2*{(2’*methylanlfonyl)- 
ethoxy}ethyl  side  chain,  complete  the  synthesis  and  delivety  of  the  leoaaining  type  I  and  n  target 
conqxMmds.  and  continue  developing  oonditioos  for  the  synthesis  of  Qfpeinoompoands.  b 
additioo.  we  hope  to  refine  our  kinetic  screen  for  the  evahiatioo  of  an  targets  so  that  a  system  can 
be  estaUished  for  niildng  ooonpounds  m  relative  order  of  reaedviiy. 


EXPERIMENTAL  SECTION 


UV  q)ectra  were  reoofded  on  a  Hewlea  Packaid  model  84S0  UV-vis  q)ectrophocometer 
equqiped  with  a  Model  89100A  tempeniure  controller.  Nuclear  mafnedc  resonance  (NMR) 
spectra  were  recorded  on  a  Vaiian  Associates  EM-360  or  Joel  FX90  spectrometer.  Chemical  shifts 
are  reponed  in  pans  per  millioo  in  6  units  fiom  an  internal  tetxamethylsilaoe  reference.  SpUninf 
paMna  are  deafnaied  as  follows:  s.sinflet;d,  doublet;  t,trq)iet;q,  quartet;  m,inultiplet;  hr, 
bread.  Mddng  points  (mp)  were  determined  on  a  Hoover  or  Md  Temp  mdtinf  point  apparatus 
andareunooneeied.  Mkroanalyaes  were  performed  by  Desert  Analytics,  Tbcaon,  Arizona. 

Tagabydtofuran  (THF)  was  distilkd  fiom  benzophenone  Icetyl  and  used  immediately.  All 
other  aolvents  were  reaient  trade.  All  comnxrcial  starting  materials  were  purchased  fiom  Aldrich 

PREPARATION  OF  METHYL  dJ-DIOXANONANOATE  (1) 

To  a  stirred,  ice-cooled  mixture  of  2'ethoxyethanol  (D.  18  mol)  and  methyl  acrylate  (0.458 
aaol),  a  mixture  of  2-ethoxyethaocd  (0.277  mol)  and  pntassum  t-butoxide  (0.046  mol)  was  added, 
and  dwrcsoltinf  mixture  was  stirred  overnight  at  room  tenqxraaoe.  The  mixture  was  then 
nawaHaad  with  acetic  acid  and  vacuum  distilled  to  give  pure  compound  1  in  31%  yield  as  a 
colorkaa  oU:  bp  60  oC  (0.3  mmHg);  IH  NMR  (CDOy)  S  4.39-3.3S  (m,  1 IH,  4CH2O.  OCH3). 
2.63(1, 2a  J«?  Hz.  CH2CO).  1.22(t,3H.J-7Hz.CH3). 

PREPARATION  OF  4,7.DIOXA-l-NONANOL  (2) 

To  a  atisred,  ice-oooled  mixture  of  lithium  bcTohydride  (0.142  mol)  in  dry  THF  (80  mL),  a 
aeiotionofcompeiMid  1(0.142  mol)  in  TOF  (20  niL)wM  added  dropwiae  over  13-30  min.  The 
■txane  was  stirred  overnight  at  room  tetnperanire  and  then  heated  at  40  PC  for  3  h.  Afterthe 
mixture  was  quenched  with  water  (10  mL),  it  was  taken  up  in  (hddoremediane  (DCM,  100  mL), 
washed  whh  sannated  brine  (2  x  200  mL),  dried  (MgSQ*),  filtered,  and  concentrMed  to  give  a 
clearoiL  The  oil  was  vacuum  distilled  to  give  pure  compound  2  in  44%  yield  as  a  oolotless  oil:  bp 
SO  «C  (0.1  motilg);  IH  NMR  (dXSy)  8  3.83-3.14  (m,  HR  SCH2O,  OH),  2.09-1.68  (m  2H, 
CH2),  1 J4  (t,  3a  J  •  7  Hz,  C»3). 


PREPARATION  OF  METHYL  •M)XA-7.THtAOCTANOATE  (4) 


This  caaqxMuid  was  prepared  in  96%  yield  fimn  2-(methylthio)ethanoI  and  methyl  acrylate 
using  a  procedure  sinniar  to  that  for  the  prepandon  of  cooqxxind  1  and  was  puiLied  by  flash 
chromatography  (DCM  eluting  solvent):  NMR  (CDQ3)  S  4.47-3.38  (m.  7H.  2CH2O.  OCH3), 

2.84-2.48  (m.  4H.  CH2S.  CH2CO).  2.12  (s.  3H,  SCH3). 

PREPARATION  OF  4-OXA-7.THU-1-OCTANOL  (5) 

This  compound  was  prqtared  in  77%  yield  by  lithium  borohydride  reduction  of  coaqwund 

4  using  a  procedure  similar  10  that  described  for  die  preparation  of  compound  2;  ^HNMR(CDQ3) 

5  3.97-3.39  (m.  7H.  3CH2O.  OH).  2.71  (t.  2H.  J  -  7  Ha,  CH2S),  2.16  (s,  3a  SCH3),  2.09- 
1.62  (m.  2H.  CH2). 

PREPARATION  OF  2.(2'.(METHYLSULFONYL)ETHOXY]-I.ETHANOL  (3) 

A  tungstic  acid  catalyst  was  prepared  by  treating  0.07  g  of  tungsten  trioxide  mooohydrate 
in  deionized  water  (20  mL)  with  5  drops  of  S%  sodium  hydroxide  followed  by  sufflcient  acetic 
acid  to  adjust  the  pH  of  the  mixture  10  SJ.  Alcohol  5  (8  Jg.  57  mmol)  was  then  acded  and  the 
temperature  of  the  mixture  brought  to  60^  XI  While  the  mixture  was  stirred.  30%  H202  (18 
niL.156  mmol)  was  added  slowly  over  2-2J  hat  the  rate  of  "2011715  min.  It  was  necessary  to 
cool  the  mixiure  occasionally  to  maintain  a  reaction  temperature  of  60-65  After  the  mixture 

was  stined  an  additional  20  h  at  room  temperature,  exceu  H2O2  was  destroyed  with  15%  sodium 
bisulfite  and  the  mixture  was  sattaated  with  NaQ  and  extracted  well  with  DCM.  The  extraca  were 
dried  (MgSO«).filieted,  and  evaporated  to  give  sulfone  3  in  71%  yield  as  a  colorleu  oil:  iHNMR 
(CDa3)  8  4.02-3.15  (m,  9a  3CH2O.  CH2SO2.  OH),  3.03  (s,  3a  SO2CW3).  2.07-1.62  (m. 
2aCH2). 

PREPARATION  OF  3^2UINUCLIDINOL*RORANE  COMPLEX  (7) 

To  a  stined,  ice-cooled  nrixtae  of  3K|uinnclidirwiqi.  197  mol)  in  DCM  (350  mL),  1 M 
borane  in  THF  (216  mL)  was  added  dropwise  over  2  k  Hie  mixture  wustined  for  20  band 
concemrMBdtoyiddayellowoiL  TIk  oil  was  flash-chratnatognphedthroagh  silica  gd  and  eluted 
wkh  DCM  to  give  pure  compound  7  as  a  white  adid  in  62%  yield:  mp  178  X:  dec;  IH  NMR 
(CDa3)  8  4.31-2J0  (m.  8a  3CH3N.  CHOH),  2.49-1  JO  (m.  5H.  2CH2,  CH). 


PREPARATION  OF  3-(OCTYL-l'-OXY)QUINUCLIDINE  (9a) 


Compound  9a  was  prepared  by  two  procedures,  both  of  which  are  described  as  follows. 

Method  A.  To  an  ice-cooled,  sdned  suspension  of  sodium  hydride  (12  mmol,  free  from 
oil)  in  THF  (IS  mL),  borane  complex  7  (12  mmol)  in  THF  (20  mL)  was  added,  and  the  mixture 
was  warmed  to  room  temperature  and  sdned  for  2  h.  After  the  mixture  was  again  cooled  in  ice,  n- 
octyl  mesylate  (10  mmol,  prepared  from  n-octyl  alcohol  and  methanesulfonyl  chloride)  was  added 
and  the  mixture  was  sdned  for  3  days  at  room  temperature.  The  mixture  was  dien  filtered  and 
concentrated  to  yield  an  amber  oil  that  was  treated  with  5%  HQ  in  methantrf^mL)  and  sdned 
overnight  The  mixture  was  concentrated,  and  the  residue  was  taken  up  in  water  and  washed  well 
with  ethyl  edier.  After  die  aqueous  layer  was  basified  to  pH>12  with  5%  sodium  hydroxide,  it 
was  extracted  well  with  DCM.  The  combined  extracts  were  dried  (MgSOa),  filtered,  and 
concentrated  to  give  compound  9a  as  a  pale  yellow  oil  in  17%  yield  (see  Table  3):  NMR 

(CDQa)  5  3.48-3.20  (m,  3H.  CHOCH2),  3.16-2.55  (m,  6H,  3CH2N),  2.15-1.19  (m,  17a 
8CH2.  CH),  0.88  (t  3H.  J  «  7  Hz,  CH3). 

Method  B.  To  an  ice-cooled,  sdned  mixture  of  sodium  hydride  (23.9  mnxd)  in  DMF  (25 
mL).  a  solution  3-quinuclidinol  (18.4  mmol)  in  50  mL  of  DMF  was  added  dropwise  over  30 
min.  The  mixture  vras  then  sdned  at  room  temperature  for  3  h  and  n-octyl  mesylate  (19.3  mmol) 
wasadded.  After  the  mixture  was  sdned  for  2  days,  100  mL  of  water  was  carefully  added  and  die 
mixture  was  extracted  well  with  ethyl  ether.  The  ether  extracts  were  back-extracted  with  5%  HQ, 
and  the  combined  HQ  extracts  were  basified  to  pH>12  with  5%  sodium  hydroxide  and  extracted 
well  with  DCM.  After  the  comlnned  DCM  layera  were  washed  widi  brine  and  dried  over  MgSQs, 
they  were  filtered  and  concentrated  to  give  compound  9i  in  41%  yield.  This  material  was  identical 
to  the  sam{de  prepared  by  Method  A. 

PREPARATION  OF  3-(4\7'.DIOXANONYL-l*.OXY)QUINUCLIDINE  (9b) 

To  an  ke-cooled,  stirred  mixture  of  4,7-dioxa-l-nonanol  (2, 30.7  mmol), 
diisopropylethylamine  (32  remd),  and  DCM  (50  mL).  a  solutioo  of  methanesulfonyl  chloride  (32 
mnaol)  in  25  mL  of  DCM  was  added  dropwise  over  30  min.  The  mixtare  was  warmed  to  room 
temperature,  sdned  overnight,  and  then  washed  with  water  followed  by  brine.  After  the  mixture 
was  dried  (MgSQ«).  it  was  filtered  and  concentrated  to  give  an  oil  that  was  flash-cfaromatographed 
through  sUica  gd  and  eluted  with  DCM-methanol  (95:5)  to  give  pure  4,7-<BoBta-l-oonyl  mesylate 
u  a  colorieu  oU  in  94%  yield:  >H  NMR  (CDQ3)  6  4 39  (t.  2H,  J  -  7  Hz.  CH2OMS).  3.81-3.38 


(m.  8H.  4CH2O).  3.04  (s.  3H.  CH3SO2).  2.23-1.81  (in,  2H.  CH2),  1.22  (t.  3H.  J  -  7  Hi, 
CH3). 


Conqwund  9b  was  pfcpaxtd  from  bonne  cooqilex  7  and  4,7-dioxa-l-nonyl  mesylate 
following  a  procedure  similar  to  that  outlined  as  Method  A  above  for  the  prqiantion  of  conqiound 
9a,  and  was  obtained  in  17%  overall  yield  as  a  crystalline  hydrate  (see  Table  3):  NMR  (CDQ3) 

5  3.89-3.04  (m,  17H,  SCHiO,  3CH2N,  CaOCH2),  2.62-1.71  (m,  7a  3CH2,  CH),  1.23  ,t.  3H. 
;-7Hi,CH3). 

PREPARATION  OF  4-[N-METHYL-N-(l*-OCTYL)]AMINOPYRIDINE  (12) 

To  a  sdired  solution  of  4-aininopyridine  in  THF  (200  mL)  and  triethylamine  (5.9  mL) 
cooled  at  -78  <>C,  octanoyl  chloride  (7.3  mL)  was  added  dropwise  over  20  min.  The  mixture  was 
sthred  for  30  min,  warmed  to  0  <>0  and  stirred  for  3  h,  and  then  warmed  to  room  tenqierature  and 
stirred  overnight  After  the  mixture  was  filtered,  it  was  concentrated  to  give  an  oil  that  was  taken 
upinDCMand  washed  consecutively  with  water  and  then  brine.  The  mixture  was  dried  over 
MgS04,  filtered,  and  concentrated  to  provide  pure  N-(4*-pyTidyl)octanamide  (11)  in  100%  yield 
as  a  pale  yeUow  oU:  'H  NMR  (€003)  5  10.60  (br  s,  IH,  NH),  8.55  (d,  2H,  J  -  7  Hz,  aryl), 

7.79  (d,  2a  J  -  7  Hz.  aryl).  2.49  (t.  2a  J  -  7  Hz.  CH2<X)).  2.00-1.02  (m.  lOa  5CH2).  0.87 
(t.3aJ-7Hz.CH3). 

To  an  ice-cooled,  stirred  mixture  of  sodium  hydride  (74  mmai,  free  from  oil)  in  DMF  (150 
mL),  a  solution  of  compound  11  (71.7  mmcd)  in  DMF  (75  mL)  was  added  dropwise  over  20  min. 
After  the  mixture  was  stirred  for  20  min,  it  was  wanned  to  room  temperature  and  stirred  an 
additional  90  min.  The  mixture  was  again  cooled  in  ice,  and  iodomethane  (4.7  mL)  in  THF  (75 
mL)  was  added  dropwise  over  30  min.  After  carefiill  addition  of  50  mL  of  water  10  the  mixture,  it 
was  concentrated  by  rotary  evaporation  to  give  a  residue  that  was  taken  up  in  DCM,  washed 
consecutively  with  water  and  brine,  and  dried  (MgSO*).  After  the  mixture  was  filtered  and 
concentrated,  the  yeUow  oil  obtained  was  flaab-cfaromaio|rapbed  through  silica  gel  and  eluted  with 
DCM-methanol  (99:1)  to  give  pure  N-methyl-N-(4^-pyiidyl)octanamide  in  73%  yield  as  a  pale 
yellow  oU:  iH  NMR  (0X23)  S  8.78  (d.  2H.  J  -  7  Hz.  aryl).  7.30  (d.  2H.  J  -  7  Hz.  aryl).  3.38 
(s.  3H.  Nai3).  2.32  (t.  2H.  J  -  7  Hz.  ai2CX>).  2.00-1.09  (m,  lOH,  5012).  0.89  (t.  3H.  J  -  7 
Hz,  013). 

To  an  ice-cooled,  stirred  mixtiae  of  N-inethyl-N-(4’-pyiidyl)octanamide  (19  mmol)  in  THF 
(10  mL).  1 M  borane  in  THF  (51  mL)  was  added  dropwise  over  30  nrin.  After  the  mixture  was 
stirred  for  1  h,  it  was  warmed  to  room  tenyetature  and  stirred  an  additional  hour.  Themixture 


% 


was  again  cooled  in  ice  after  which  20  mL  of  37%  HQ  was  carefully  added  over  30  min.  The 
mixture  was  then  basified  to  pH>12  with  S%  sodium  hydroxide  and  extracted  well  with  DCM 
*nK  combined  extracts  were  dried  over  MgSOa,  filtered,  and  coocentraied  to  give  an  oil  that  was 
flash-chromatographed  through  silica  gel  and  eluted  with  DCM-methanol  (99:1)  to  provide  pure 
compound  12  in  74%  yield  as  a  colorless  oil  (see  Table  3):  NMR  (QXT3)  8  8.29  (dd,  2H,  J  • 
7  Hz  and  1  Hz.  aryl).  6.50  (dd.  2H.  J  *  7  Hz  and  1  Hz.  aryl).  3.32  (t.  2H.  J  -  7  Hz.  CH2N), 
2.93  (s,  3H.  NOls).  1.90-1.10  (m.  12H.  6CH2).  0.89  (t.  3H,  J  -  7  Hz.  Ola). 

PREPARATION  OF  4.(N.METHYL-N-(4',7'-DIOXANONYL-l')]AMINO- 
PYRIDINE  (15) 

A  mixture  of  4-aminopyridine  (80.3  mmol)  and  n-butyl  fcnnate  (20  mL)  was  sdned  at 
100  for  3  days  and  the  mixture  was  concentrated  under  reduced  pressure  to  give  a  white  solid. 
The  solid  was  washed  well  with  DCM  to  give  4-(N-formyl)aminopyridine  (13)  in  31%  yield  and 
sufficient  purity  for  subsequent  use:  mp  68-74  oC;  ^H  NMR  (CDQ3)  8  8.76  (br  s,  IH,  CHO). 
8.26  (d.  2H,  J  -  7  Hz.  aryl).  6.92  (d,  2H,  J  -  7  Hz,  aryl). 

To  an  ice-cooled,  stirred  mixotre  of  sodium  hydride  (41  mmol,  free  from  oil)  in  DMF  (100 
mL).  a  solution  of  compound  13  (37  mmol)  in  DMF  (30  mL)  was  added  dropwise  over  10  min. 
After  the  mixture  was  stirred  for  30  min.  it  was  warmed  to  room  temperature  and  stirred  an 
additional  hour.  The  mixture  was  again  cooled  in  ice  and  4,7-dioxa-l-nonyl  mesylate  (39  mmd) 
in  DMF  (23  mL)  was  added  dropwise  over  30  min.  After  the  mixture  was  stirred  overnight,  30 
mL  of  water  was  carefully  added  to  the  mixture  and  it  was  concentrated  by  rotary  evaporation  to 
give  an  oil.  The  oil  was  flash-chromatographed  through  silica  gel  and  eluted  with  DCM-methanol 
(99:1)  to  give  pure  4-(N-formyl-N-<4*,T-d:oxanonyl-r-)lamirK)pyridine  (14)  in  55%  yield  as  a 
pale  yellow  oil:  >H  NMR  (CDCI3)  8  8.75  (br  s,  IH.  CHO).  8.54  (dd.  2a  J  -  ^  Hz  and  1  Hz, 
aryl).  7.16  (dd.  2H.  J  »  7  Hz  and  1  Hz,  aryl).  3.97  (t,  2H.  J  »  7  Hz,  CH2N).  3.71-3.29  (m.  8H. 
4CH2O).  2.1 1-1.70  (m,  2H.  CH2).  121  (t,  3a  J  -  7  Hz,  CH3). 

Dorane  reduction  of  compound  14  as  described  above  for  the  preparation  of  compoir.Nl  12 
gave  compound  15  in  74%  yield  as  a  odorless  oil  (see  Table  3):  ’H  NMR  (CDQ3)  8  8.14  (dd, 
2H.  J  «  7  Hz  and  1  Hz.  aryl).  6.30  (dd.  2a  J  -  7  Hz  and  1  Hz,  aryl),  3.82-3.31  (m.  lOa 
4CH2O.  CH2N).  2.06-1.61  (m.  2a  CHi).  121  (t.  3a  J  -  7  Hz,  CH3). 
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PREPARATION  OF  N-(OCTYL-l*.)PYRIDINE^THIONE  (It) 


To  an  ice<ooled.  sdned  mixture  of  4,4'-dipyfidyl  disulfide  (Aldrithiol-4^,  3.t  mmol)  in 
nitmmethane  (25  mL),  n-octyl  triflate  (7.S  mmol.  prqMred  ftom  n-octyl  alcohol  and  iriflic 
anhydride)  in  IS  mL  of  nitromethane  was  added  and  the  mixture  was  sdnul  ovemighL  The 
mixture  was  then  concentrated  under  reduced  pressure  to  give  a  white  solid  that  was  washed  well 
with  ethyl  ether  to  give  pure  diquatemary  salt  17  in  91%  yield  as  a  white  solid. 

Compound  17  (17.7  mnxd)  was  dissolved  in  ethanol  (3S0  mL),  and  sodium  sulfide 
hydrate  (2S.Sg)  in  ISO  mL  of  water  was  added.  After  the  naxture  was  stirred  for  S  h,  it  was 
saturated  with  NaQ  and  extracted  well  with  PCM.  The  combined  extracts  were  dried  (MgSQ*), 
filtered,  and  concentrated  to  give  an  orange  st^  The  solid  was  flash-chromatographed  through 
silica  gel  and  eluted  with  DCM  to  give  pure  N-(octyl-r-)pyridine-4>thk>ne  (18)  in  93%  yield  as  an 
orange  solid  (see  Table  3):  iH  NMR  (CDOa)  5  7.49-7.12  (m.  4a  vinylic).  3.93  (t,  2a  J  -  7 
Hz.  C»2N).  1.98-1.00  (m.  12a  6CH2).  0.89  (t.  3a  J  «  7  Hz.  CH3). 

PREPARATION  OF  3-METHYL-l-(0<rrYL-l*.)IMIDAZ0LINE.2*THI0NE  (22) 

To  an  ice-cooled,  stirred  mixture  of  2-meic^)to-  l-methjdimidazole  (95S  mmol)  and 
triethylamine  (13.3  mL)  in  DCM  (SO  mL),  p-(chVoio)tneihylphenyl  acmate^^  (lOS  mmol)  in  2S  mL 
of  DCM  aras  added.  After  the  mixture  was  stirred  for  30  min,  it  was  wanned  to  room  temperature 
and  sdned  an  additional  20  h.  The  mixture  was  then  washed  consecutively  with  water  and  brine, 
dried  over  MgSQs.  filtered,  and  concentrated  to  give  an  oiL  The  oU  was  flash<hiomatogiaphed 
through  silica  gel  and  eluted  with  DCM  to  give  pure  corrqxwnd  20  in  23%  yield  as  a  yellow  oil:  >H 
NMR  (COas)  6  7.30-6.91  (m,  6a  aryl).  4.19  (s.  2H.  CH2S),  3.26  (s,  3H,  NCW3),  2.28  (s, 

3H,  CH3CO). 

To  an  ke-cooled.  stirred  mixture  of  cooqxxind  20(22  mmol)  in  nitromethane  (SO  mL),  n- 
oct]d  triflate  (23  rntiml)  in  SO  mL  of  nitrotnethanewu  added  dropwise  over  30  tran.  Thetnixture 
was  warmed  to  room  temperature  and  stirred  for  18  h,  and  concentrated  under  reduced  pressure  to 
give  quaternary  salt  21  in  sufficient  purity  for  stdrseqoent  use:  iH  NMR  (DMSO-da)  5  8.02  (br  s, 
2a  aryl),  7.42-7.02  (m,  4H.  aryl),  4.4S  (s.  2a  CH2S),  3.99  (t,  2a  J  -  7  Hz.  CH2N),  3.78  (s, 
3a  NCH3).  2.31  (s,  3a  CH3CO).  1.94-1.08  (m.  12a  6CH2).  0.90  (t,  3H.  J  -  7  Hz.  CH3). 

Afflixoaeofsalt  21  (22  mmol)  in  200  mL  of  S%  sodium  hydroxide  ares  stored  for  4  h. 
The  mixture  was  then  extracted  with  DCM  (3  X  200  mL).  The  combined  extracts  were  areshed 


oonaecutively  with  IMHO  tndbnne,nd  dried  over  MgSOi*  After  the  mixture  was  filtered  and 
ocMwennied,  a  crude  solid  was  obtained  that  was  flash-chronuttograpbed  through  silica  f  el  and 
eluted  with  DCM  u>  provide  pure  3-inethyl*l-(octyl<l  •)iinida2oline-2-thione  (22)  in  60%  yield  u 
a  yellow  oU:  (CH3CN)  3S4  nm;  IH  NMR  (CDOy)  8  6.70  (br  s.  2H.  aryl).  4.03  (t,  2H.  J  - 

8  Hz.  CH2N),  3.59  (s,  3H.  NCH3).  1.95-1.02  (m.  I2H.  6CH2).  0.88  (t.  3H.  J  -  7  Hz,  CH3). 

KINETIC  EVALUATION  OF  3-METHYL-l-(OCTYL-r-)IMIDAZOLINE-2- 
THIONE  (22) 

A  stock  solution  of  compound  22  at  a  coocentrati^  of  2.6  xlO*^  M  in  DME  was  prepared. 
To  this  solutioo  in  a  1 -cm  cuvette  diennostaoed  at  37  in  the  spectrophotometer,  sufficient 
GEMS  was  added  to  bring  the  concentration  of  CEMS  to  0.43  M.  The  mixture  was  briefly  agitated 
to  mix  the  reactants,  and  tuning  was  staned.  The  disappearance  of  compound  22  was  monitored 
by  taking  UV  absotbance  readings  at  354  nm  over  the  nt  ct  1.7  h,  after  which  time  the 
concentradon  of  compound  22  had  fallen  to  36%  of  its  starting  concentration.  Thus; 

T  >  1/k  =  tbact  len^il/fracL  lem.)  •  5650  s/ln(  1/0.36) «  5.5  x  lO*^  $ 

ki  *  1/T  «  1.8  X  10^  s*> 

*1/2  *  In  2  X  T  ■  3.8  X  10^  s  «  1.1  h 

k2  •  ki/ICEMS)  - 1.8  X  ICH  $-1/0.43  M  «  4J  x  10“*  M-lr> 
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